The objective of this study was to identify longitudinal patterns of injection drug use over 20 years in the AIDS Linked to the Intravenous Experience (ALIVE) Study, a community-based cohort of injection drug users (IDUs) in Baltimore, Maryland, with a focus on injection cessation. Starting in 1988, persons over 18 years of age with a history of injection drug use were recruited into the study. Participants provided information on their injection drug use semiannually through 2008. The analysis was restricted to 1,716 IDUs with at least 8 study visits. Finite mixture models were used to identify trajectories and predictors of injection patterns over time. The mean age of participants was 35 years; 75% were male, and 95% were African-American. Five distinct patterns were identified: 2 usage patterns (32% engaged in persistent injection and 16% had frequent relapse) and 3 cessation patterns (early cessation (19%), delayed cessation (16%), and late cessation (18%)). A history of drug treatment, no recent use of multiple substances, and less frequent injection distinguished the early cessation group from the other groups. This study demonstrated multiple trajectories of drug injection behaviors, with a substantial proportion of IDUs stopping injection over extended time frames. For maximum effectiveness, public health programs for IDUs should be longterm, comprehensive, and targeted toward individual patterns of use. behavior; HIV; longitudinal studies; substance abuse, intravenous Abbreviations: ALIVE, AIDS Linked to the Intravenous Experience; HIV, human immunodeficiency virus; IDU, injection drug user.
Injection drug use is associated with substantial mortality and morbidity, including infection with bloodborne pathogens, serious bacterial infections, and overdose. This public health burden highlights the need for a better understanding of the natural history of injection drug use in order to intervene most effectively. However, few longitudinal studies have followed heroin and/or cocaine users over long time periods to characterize natural history (1) (2) (3) (4) (5) (6) , with even fewer having focused explicitly on injectors (7) (8) (9) (10) . Most existing studies have focused on treatment-based samples, but the large majority of injection drug users (IDUs) do not seek formal treatment (2, 11) , and a substantial number of IDUs quit using drugs without seeking treatment (12) (13) (14) .
Of particular importance to public health efforts is the characterization of injection cessation and predictors among IDUs. However, previous research on injection cessation has focused primarily on short periods of cessation (e.g., 6 months to 1 year). Short-term behavior changes among IDUs are not always predictive of longer-term recovery. In fact, while the majority of studies have demonstrated that a significant proportion of IDUs reported ceasing injection for short periods of time (15) (16) (17) (18) (19) , as many as 50%-75% of those who stopped had at least 1 subsequent relapse (19, 20) , often within 1 year of cessation (17) .
To better understand long-term injection cessation, it is critical to consider the full spectrum of injection behaviors over long time spans. In previous research from a community-based cohort study of IDUs in Baltimore City-the AIDS Linked to the Intravenous Experience (ALIVE) Study-Galai et al. (19) described patterns of injection drug use over 10 years based on the number of transitions into and out of injection. However, cessation was defined as no injection for at least 6 months and thus included both injectors who had stopped using for short periods of time and those who had stopped longer-term. In the current study, we characterized longitudinal trajectories of injection drug use in this same population over a period of 20 years, with an emphasis on distinguishing short-term cessation from longterm cessation. Baseline sociodemographic and behavioral predictors of long-term injection cessation were also determined.
MATERIALS AND METHODS

Study population
The ALIVE Study is a prospective community-based cohort study of IDUs in Baltimore, Maryland, and has been described previously (21) . Briefly, 2,946 IDUs were recruited through community outreach in 1988-1989. An additional 682 participants were recruited during 2 additional recruitment periods in 1994-1995 and 1998. Persons were eligible for enrollment if they were aged 18 years or older, were free of acquired immunodeficiency syndrome, and had a history of injection drug use at baseline. In baseline and semiannual follow-up interviews, researchers collected information on sociodemographic characteristics, drug injection behaviors, medical history, human immunodeficiency virus (HIV) risk behaviors (sexual and drug-related), and drug treatment. The institutional review board at the Johns Hopkins Bloomberg School of Public Health reviewed and approved the study procedures, and all participants provided written informed consent.
Since the goal was to characterize long-term injection patterns among active drug injectors, participants were included if they reported injecting drugs at the first follow-up visit, had at least 1 additional visit at which they reported injecting, and participated in at least 6 subsequent follow-up visits (a minimum of 8 study visits). Participants who did not report injecting drugs at their first study visit (n ¼ 400) were older and had a shorter average duration of follow-up, fewer visits of reporting injection, and fewer years of injecting at baseline than those who did report injecting at their first study visit. Those who did not report injection at an additional visit over the course of follow-up (n ¼ 183) had shorter average follow-up times and fewer years of injecting at baseline than those with an additional injection visit. Finally, participants without 6 study visits following their second injection visit (n ¼ 619) had fewer years of reporting injecting at baseline, had fewer visits at which they reported injecting, and were more likely to have died than those who did have 6 additional visits.
Statistical analysis
We used descriptive statistics to examine the proportion of the sample reporting injection drug use by year. To determine heterogeneous patterns of injection being masked in the aggregate, we employed semiparametric latent class growth modeling or finite mixture models, an extension of conventional maximum likelihood models (22) . The goal of such methods is to identify membership in latent groups defined by distinctive longitudinal patterns (23) . While the number of patterns can be hypothesized a priori, one aim of this method is to identify the number of latent groups in a sample. On the basis of prior research (19, 24) , we hypothesized a priori that there would be a minimum of 3 patterns: persistent injection, relapse, and cessation. However, to allow for the possibility of additional patterns emerging, we examined up to 6 patterns.
The outcome in this analysis was self-reported injection of heroin, cocaine, and/or ''speedball'' (mixed heroin and cocaine) during the prior 6 months. The time scale was the time from study enrollment to censoring. Participants were censored either at the time of death, when they were lost to follow-up, or administratively at the end of 2008. To define the number of groups, we fitted an iterative series of models, varying the number of groups up to 6. Results were compared using 3 criteria: the Bayesian Information Criterion, the average posterior probabilities of groups, and the usefulness of the number of classes in practice (25) . We chose the Bayesian Information Criterion because of its superior qualities for model selection, although use of other metrics is possible (26) . We considered the usefulness of the number of groups by examining the shapes of the trajectories for similarity, the number of persons in each class, and the number of estimated parameters. Posterior probabilities for group membership were calculated, and participants were assigned to the group with the highest probability of membership. Backward selection of the parameters representing time (e.g., linear, quadratic, cubic) was used to determine trajectory shapes, and parameters were removed on the basis of statistical significance (P 0.05).
After the number and shapes of the trajectories had been identified, baseline sociodemographic and behavioral characteristics were included as time-fixed covariates. Predictors were selected on the basis of previous research on injection cessation. Behavioral predictors that were not statistically significant (P 0.05) in univariate models were excluded; however, all sociodemographic characteristics were retained in the final model. Injection behaviors were carried forward for gaps in follow-up that were short in duration. Data for gaps longer than 2 missed visits (<3% of visits) were not imputed and were considered missing for the purposes of this analysis. All analyses were conducted in SAS, version 9.1 (SAS Institute Inc., Cary, North Carolina).
RESULTS
Description of study population
A total of 1,716 persons with 38,718 observations were included. The median age of participants at baseline was 35 years; 75% were male, and 95% African-American (Table 1) . The median number of follow-up visits was 20 (representing approximately 10 years), with a range of 8-42. The majority of participants had never married (66%) and had not completed high school (57%). At baseline, 29% were infected with HIV. The median age at injection initiation was 19 years, and participants had a median of 14 years of injection at study enrollment. Over half reported a history of ever receiving drug treatment at baseline. In the 6 months prior to the first follow-up visit, three-quarters of IDUs reported injecting both heroin and cocaine, and nearly half were injecting daily or more frequently. Approximately 20% reported having used crack, and a similar percentage used alcohol daily. Methadone maintenance therapy was reported by 10%. Over 40% reported having had sex with an IDU partner in the previous 6 months.
Trajectories of injection drug use
The final model included 5 groups: early cessation, delayed cessation, late cessation, frequent relapse, and persistent injection. While the 6-class solution had the smallest Bayesian Information Criterion (i.e., the largest negative value), it was less useful in practice than the 5-class model, as it had multiple repetitive trajectory shapes requiring additional estimated parameters. The 5-group model had average posterior probabilities of group membership ranging from 0.81 to 0.93 across groups (Table 2) , indicating good classification quality (25) . Figure 1 displays the trajectories of injection drug use over time based on the 5-class model. All groups were best represented by cubic trajectories (i.e., 2 shape changes), except the persistent injection group, which was best identified by a quadratic solution (i.e., 1 shape change). There were 3 trajectories associated with cessation. The early cessation group showed a sharp decline to very low injection levels during the first 5 years, while the delayed cessation and late cessation groups displayed less steeply declining injection levels after approximately 10 and 15 years, respectively. These groups represented 19%, 16%, and 18% of the sample, respectively. Because the early cessation group was characterized by the lowest levels of injection, sustained for the longest period of time, this group was identified as the long-term injection cessation group of interest and was used as the reference group in subsequent multivariate models. The frequent relapse group represented 16% of the sample and had fairly even drug use across the first 15 years of the study, with declining use thereafter. The probability of injection in this group vacillated around 0.50, suggesting that this group was characterized by frequent stops and relapses. The persistent injectors (32%) demonstrated high levels of injection throughout the course of the study.
Predictors of injection drug use trajectories
In the adjusted model, several baseline factors were associated with the early cessation pattern as compared with the 2 other cessation groups (Table 3 ). Early cessation IDUs had injected drugs for fewer years at baseline than IDUs in the delayed cessation group. In addition, early cessation IDUs were more likely to be injecting heroin exclusively at the start of follow-up, were more likely to report lessthan-daily injection, and were less likely to report having had sex with an IDU partner relative to the delayed cessation and late cessation groups. IDUs in the early cessation group were also more likely to engage in noninjection use of heroin and/or cocaine (snorting or smoking) than IDUs in the late cessation group. Finally, IDUs in the early cessation group were less likely to have had a recent incarceration at baseline than those in the late cessation group. There were several differences between the early cessation group and the frequent relapse and persistent injection groups. Participants in the early cessation group had injected drugs for fewer years at baseline than the persistent injection group. Early cessation IDUs were more likely to have had a history of any drug treatment at baseline and were more likely to report noninjection heroin and/or cocaine use compared with the persistent and frequent relapse groups. IDUs in the early cessation group were less likely to report daily injection or more frequent injection at baseline compared with the persistent group. IDUs in the early cessation group were less likely to report a recent incarceration episode than the frequent relapse group. Several additional factors further differentiated the persistent injectors from the early cessation IDUs. The early cessation IDUs were less likely to report injecting mixed heroin/cocaine or cocaine exclusively, relative to heroin only, in comparison with the persistent injectors. Finally, IDUs in the early cessation group were less likely to report marijuana use and sex with an IDU partner compared with the persistent injectors.
Factors which were explored in univariate models and found not to be statistically significant at the P < 0.05 level and which therefore were not included in the final adjusted model included: history of employment at baseline, detoxification in the prior 6 months, sex with an anonymous partner in the previous 6 months, number of sexual partners in the previous 6 months, and the presence of any HIV-related physical illness symptom. HIV infection at baseline was not associated with drug-use trajectory. Abbreviation: ALIVE, AIDS Linked to the Intravenous Experience. a The probabilities on the diagonal are the average posterior probabilities of group membership among persons assigned to the group, while the off-diagonals show the average posterior probability of group membership among persons not assigned to the group. Probabilities do not sum to 1 because of rounding. 
DISCUSSION
The results of this study add to the existing evidence that addiction is a chronic condition characterized by distinct courses over time (24) . While overall, injection drug use decreased in this community-based cohort from 1988 through 2008, the 5 longitudinal patterns identified confirm findings from previous research demonstrating that subgroups with varied trajectories of injection exist among IDUs (19) . It was encouraging that nearly half of this cohort of IDUs demonstrated decreasing injection drug use over the 20 years of follow-up, with approximately 20% having stopped injecting for nearly 7 years. However, one-third of the sample represented persistent injectors. A number of factors distinguished the group that was abstinent for the longest period of time, highlighting potential points of intervention.
Some of the results were comparable to those of the prior analysis using the first 10 years of data from this cohort (19) .
Both analyses observed the same proportion of persistent injectors. However, the distribution across other groups was markedly different, likely partially reflecting the extended follow-up time, as well as methodological differences. For example, the frequent relapse pattern was twice as common in the earlier analysis. It is possible that some of the IDUs identified as frequent relapsers in the initial study transitioned to cessation during the 10 additional years of follow-up. However, some of the discrepancy may also be explained by the varying classification methods. In the initial analysis, group membership was highly dependent on injection behavior reported at the last available study visit. Because our focus was on distinguishing different cessation patterns, it was important to consider the full trajectory of injection behavior, which was possible via use of semiparametric models. This person-based approach is also objective in that the posterior probabilities of group membership provided a metric for assessing the appropriateness of classification (22) . As a result, this analysis extended the prior Abbreviations: ALIVE, AIDS Linked to the Intravenous Experience; HIV, human immunodeficiency virus; IDU, injection drug user; SE, standard error. * P 0.05. a The estimates shown are log odds ratios for a given characteristic/behavioral factor with membership in the specified group relative to the early cessation group.
b Results were adjusted for length of time in follow-up, sex, race, educational attainment, marital status at baseline, and all of the characteristics listed in the table.
analysis to identify several distinct patterns of injection cessation.
The identification of 3 distinct cessation patterns is further supported by the fact that they were differentiated by several behavioral characteristics. In the prior analysis, only history of incarceration distinguished the cessation group from the other groups (19) . In our analysis, persons who stopped injecting for the longest period of time, compared with the 2 other cessation groups, were less likely to report mixed heroin and cocaine injection at baseline. These findings support a previous ALIVE analysis which demonstrated that injecting both heroin and cocaine was associated with longer time to short-term cessation (17) . While medication-assisted therapy offers a pharmaceutical option for persons quitting heroin use, there is no such comparable treatment for cocaine users, potentially explaining the delayed time to cessation for those using mixed heroin/ cocaine. Indeed, any history of drug treatment at baseline was also predictive of early injection cessation in comparison with not stopping. Cocaine users may have a riskier profile than heroin users; in previous analyses, they have tended to inject more frequently and to have riskier injection practices than persons using only heroin (27, 28) . The positive relation between injecting cocaine only and persistent injection compared with long-term injection cessation remained after controlling for injection frequency, suggesting that the effects of cocaine use on drug-use trajectory may relate to the neurobiologic effects of cocaine in addition to the injection behaviors associated with its use.
IDUs who stopped injecting early also tended to be less severe injectors than participants in other groups. In general, IDUs injecting drugs less frequently than daily tend to have more favorable outcomes than daily injectors. Data from both community-based and treatment-based samples have also suggested a higher likelihood of short-term injection cessation among less frequent injectors, potentially suggesting a less severe addiction (15-17, 20, 29) . In this analysis, heavier injection at baseline was not associated with the frequently relapsing injectors as compared with the early cessation group, suggesting that less severe use may be a predictor of both long-term and short-term cessation.
While heavier drug injection at baseline was associated with a lower likelihood of cessation, noninjection cocaine or heroin use had the opposite effect. Indeed, participants who reported noninjection heroin or cocaine use at baseline were more likely to stop injecting earlier. It is possible that some IDUs substituted noninjection drugs for injection drugs in their attempts to stop injecting. On the other hand, it is also possible that those who used noninjection drugs were less frequent injectors. While the data did not support the premise that noninjection drug use was more common among less frequent injectors than among daily injectors, data on frequency of noninjection drug use were not adequate to further substantiate drug preferences in this group.
While behavioral characteristics predicted drug-use trajectories in this analysis, no stable demographic factors at baseline, including age, were predictive of the patterns. In one of the first studies related to recovery from addiction, Winick (30) contended that aging drug users matured out of drug use. However, studies have increasingly supported the idea of multiple pathways of drug use, including those not related to aging, and while some aging drug users quit using because of exhaustion or changing life roles/increased responsibilities (such as parenting), others continually use drugs throughout the course of their lives (3, 31, 32) . Our findings support the idea of multiple pathways of use, and while aging may be a factor for some IDUs who stop injecting, it appears that other factors may be more powerful predictors of injection cessation during adulthood.
There are several limitations of the current study that are important to consider in light of the results. First, latent class growth modeling has been criticized for potential overfitting of latent trajectory classes (33) . While this is a valid concern, the selection of the final number of groups was based on prior research in similar populations (19, 24, 34) . Growth mixture or general growth mixture models would allow for additional individual variation around the class mean and may be alternative models for validating the results obtained here (25) . In addition, although the amount of time for which injectors reported having injected at baseline was included in the model, it was not incorporated into the shape of the trajectories. Behaviors engaged in prior to study enrollment may not have been reflective of behaviors observed after enrollment, resulting in misclassification of participants into pathways that did not reflect their entire druguse history. Semiannual contact with study personnel may also have affected drug-use behaviors or the reporting of drug-use behaviors, and therefore the shapes of the trajectories; however, there was no evidence suggesting that this would have biased the groups differentially, and several studies in ALIVE and other cohorts have demonstrated validity and reliability of self-reported drug-use behaviors among IDUs (35) (36) (37) .
Only time-fixed sociodemographic factors and behavioral variables were included. We did this intentionally in order to determine what stable factors predicted injection drug use pathways. However, drug-use behaviors are dynamic and highly susceptible to proximal factors. The inclusion of time-varying covariates in this model would have affected the shape of the trajectories rather than membership in the groups (22) . An analysis of baseline factors in relation to drug-use trajectories is an important first step to clearly distinguish predictors, rather than consequences, of drug use over time. In future analyses, we plan to more closely examine long-term injection cessation in relation to timevarying predictors.
In addition, while the trajectories were based on injection drug use only, noninjection drug use may have influenced the shape and prevalence of the groups produced, particularly in light of research which suggests frequent transitions between differing routes of administration (17, 38, 39) . While noninjection drug use (heroin, cocaine, crack, marijuana, and alcohol) was included in the final model, excluding this information from the trajectories limits the ability of the results to speak more generally to the course of addiction over time. Further, given that the level of noninjection drug use remained stable over time in the cohort, injection cessation does not necessarily signify recovery from addiction. However, sensitivity analyses displayed similar trajectories when noninjection drug use and injection drug use were included in the latent class models.
There is potential for survivor bias in that the persistent injectors were the most likely to die in comparison with the other groups. The potential for early censoring in the persistent group hampers the ability to determine whether there would be changes in the course of the trajectories with additional follow-up. However, the groups had similar median lengths of follow-up despite the higher mortality among the persistent users, suggesting that this bias may have had a limited impact on the study results.
The results of this study suggest that the prevention and treatment needs of IDUs are multidimensional and heterogeneous. Persistent injectors and those frequently stopping and relapsing to injection are the most in need of harm reduction, HIV prevention programs, and overdose prevention training, while IDUs in the cessation groups would benefit from support over longer time frames enabling them to fully transition out of injection. Additional research is still needed to develop and test interventions designed to target drug users' individual trajectories and to determine the most effective timing for intervention. Although our results do not provide definitive information on when in the course of the trajectory intervention would be most successful, clinicians and counselors should consider IDUs' patterns of use over time in tailoring treatment and care. For example, there is an urgent need for treatments designed to assist polydrug users, specifically those using cocaine along with heroin, since this leads to riskier behavioral patterns. Finally, programs should also consider the context in which people are using drugs (e.g., persons with an IDU partner); interventions and programs that are comprehensive in scope and are targeted not only toward individual drug-use patterns but also the context of drug use may be more successful in reducing injection drug use and its associated morbidity and mortality.
